In late summer 2014, an outbreak of ocular disease occurred in the Norwegian muskox (Ovibos moschatus) population. Animals showed rings of pus around their eyes and one euthanized animal was diagnosed with acute keratoconjunctivitis. The DNA sequence analysis of eye-swab samples from this animal revealed a high abundance of Mycoplasma conjunctivae.
The muskox (Ovibos moschatus) is an arctic ruminant belonging to the bovid subfamily Caprinae. The Norwegian population was introduced (1947-53) from Greenland and lives on the high mountain plateau of Dovrefjell in southern Norway. Its defined home range encompasses 34,000 ha (center: 62820 0 N, 9830 0 E) and domestic sheep (Ovis aries) are also present during the summer season. Muskox and sheep generally avoid each other and close interspecies contact is only seen at salt-lick sites established for sheep. The health status of the muskox population is monitored by the Norwegian Nature Inspectorate in cooperation with the Norwegian Veterinary Institute as part of the Health Surveillance Program for Cervids and Muskox. Three major disease outbreaks have been recognized in this muskox population: an outbreak of contagious ecthyma in the summer of 2004 (Vikøren et al. 2008 ) and two outbreaks of pneumonia in the summers of 2006 (Ytrehus et al. 2008 ) and 2012 (Handeland et al. 2014 . The primary cause of the 2012 pneumonia outbreak was found to be Mycoplasma ovipneumoniae and cograzing sheep were considered the likely source of infection. We report an outbreak of ocular disease, presumably infectious keratoconjunctivitis (IKC), that occurred in the late summer of 2014.
Infectious keratoconjunctivitis is a common transmissible ocular disease in ruminants worldwide. The primary cause varies between species and clinical signs range from mild conjunctivitis to severe keratoconjunctivitis. Mycoplasma conjunctivae is considered the primary agent of IKC in domestic and wild Caprinae (Egwu 1989; Mayer et al. 1996) . In a study of Norwegian sheep herds, M. conjunctivae was the most frequently isolated agent, followed by Moraxella ovis (Åkerstedt and Hofshagen 2004). Whereas clinical signs are normally moderate in domestic sheep, severe outbreaks have been reported in wild Caprinae in the European Alps and in the Pyrenees (Giacometti et al. 2002) . In sheep populations this agent seems to be self maintained by healthy carriers (Janovsky et al. 2001) , whereas infection of wild Caprinae has been considered dependent on transmission from sheep (Belloy et al. 2003) . However, recent studies suggest that M. conjunctivae may also occur endemically in wildlife populations (Gelormini et al. 2017) .
During a field visit on 5 September 2014 primarily conducted to necropsy two muskox calves found dead by hikers, we detected a small herd of muskoxen with rings of pus around their eyes. A new field visit was carried out on 16 September and another three herds were inspected. All inspections were carried out using binoculars or a telescope at approximately 100-to 200-m distance. From a total of 37 muskoxen in the four herds inspected (approx. 15% of the total population), 95% (35/37) showed unilateral or bilateral rings of pus around their eyes (Fig. 1) . Some individuals displayed forced blinking and squeezing of the eyelids and numerous flies were observed around the heads of the animals.
On 17 September, an old bull displaying locomotory problems was reported to the Norwegian Nature Inspectorate. At inspection, the bull showed signs of posterior paresis, held its right eye closed, and was euthanized on animal welfare grounds. At postmortem, the right eye was surrounded with a ring of semisolid pus and showed signs of acute keratoconjunctivitis, with hyperemic conjunctiva and an opaque cornea, covered by a mucopurulent exudate. The left eye seemed clinically unaffected. Swab samples were taken from the conjunctival sac of each eye and preserved in an in-house virus transport medium containing penicillin, streptomycin, and amphotericin B.
We extracted DNA from the swabs using the NucliSENS easyMAG DNA/RNA extraction system (bioMé rieux, Inc., Durham, North Carolina, USA). The DNA was amplified using the 16S V4 primers developed by the Earth Microbiome Project (2019). This primer pair targets the V4-part of the 16S smallsubunit ribosomal (r)RNA gene (5 0 -3 0 , primer names indicate position within 16S gene), 515F (tail for Illumina sequencing/indexing)-GTGYCAGCMGCCGCGGTAA; and 806R (tail for Illumina sequencing/indexing)-GGACTACNVGGGTWTCTAAT. The PCR products were sequenced using the Illumina MiSeq system (Illumina Inc., San Diego, California, USA). Raw fastq reads were analyzed using the DADA2 R package with default settings (DADA2 Pipeline Tutorial v. 1.12; Callahan et al. 2016) . Relative abundance plots for the 20 most abundant sequence variants were made using the Silva database version 132 for annotation (SILVA rRNA database project 2019). A BLAST search of the partial M. conjunctivae 16S sequence against the nucleotide collection in GenBank confirmed the identity of the sequence (National Center for Biotechnology Information 2019). For both eyes, the dominant bacterial species identified was M. conjunctivae (Fig. 2) . In addition, a few sequences from Moraxella ovis and Prevotella ruminicola were identified, as well as sequence variants that could not be reliably identified at the species level. Some of these sequences could conceivably reflect sample contamination or sequencing errors.
Our field observations indicated an extensive outbreak of transmissible eye disease in the muskox population. Although only confirmed by postmortem examination of one animal, we suggest this to be an outbreak of IKC, primarily caused by M. conjunctivae. This infection has not previously been reported in muskox and we suspect cograzing domestic sheep as a primary source of infection. Mycoplasma conjunctivae is transmitted through animal contact (Hosie 1988) and may also be transmitted by eye-frequenting flies (Musca spp.; Fernández-Aguilar et al. 2019). Fernández-Aguilar et al. (2019) demonstrated a close association between M. conjunctivae in the eyes and nose (the route of excretions from the eye) and suggested nasal secretions as an important source for M. conjunctivae transmission. We consider flies to have contributed to the rapid spread of M. conjunctivae in muskox. The salt-lick sites created artificial interspecies contact with the potential risk of transmission from sheep to muskox, both via flies and nasal secretions. Since the muskox destroy salt stone racks, the stones are placed directly on the ground, a position that increases the risk of contamination with nasal secretions. Further studies should be carried out to compare M. conjunctivae isolates from sheep and muskox by molecular methods and to determine whether the muskox may serve as a maintenance host for M. conjunctivae.
